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Introduction

We have applied atomic force microscopy (AFM) to analyze the surface
topographies associated with representatives of each of the classes of aqueous-baths from
which coupons of Alloy 22 were exposed for two years in Long-Term Corrosion Testing.
The data support the conclusion that the AFM offers little, if any qualitative information
on the corrosion of coupons which are currently undergoing Long-Term Testing.

Methods

Coupons of Alloy 22 immersed for two years in 60C and 90C SAW, SDW, and
SCW electrolytes were analyzed with an atomic force microscope (AFM), according to
the procedures in reference [1]. References to the details of long-term testing and the
alloy and water compositions can also be found in that reference.

Selected, representative images of each class of coupons are shown in the figures
below.

Results

All of the coupons tested, as well as a control coupon, showed roughness associated
with localized depressions approaching the maximum, practical scan range of the AFM.
Therefore, it is impossible to determine whether localized corrosion has occurred. The

' P. Bedrossian, “Surface Topographies of One-Year Weight-Loss Coupons of Alloy C22 from Long-Term
Corrosion Testing.” UCRL-ID-134649 (1999) 35 pages.



following observations suggest that AFM does not offer a viable means of analyzing
coupons which are currently undergoing Long-Term Testing.

1. The roughness associated with the machining of the surfaces is already a
substantial proportion of the maximum, vertical scan range of the AFM and
would obscure any indications of early stages of localized corrosion.

2. We have found from studying multiple, unexposed control coupons that there is
substantial sample-to-sample variation in the overall roughness and the
prevalence of deep depressions on as-received coupons. This variation
associated with as-received surfaces obscures the difference between samples
removed from testing and between the tested samples and the unexposed
controls.

3. The images shown below represent only those regions which were smooth
enough to scan. The Scientific Notebook documents numerous cases in which
regions of control coupons as well as coupons removed from Long-Term testing
were too rough to scan at all. Therefore, the coupons currently undergoing
testing already exceed the vertical range of the AFM.

4. Because both exposed and unexposed (control) coupons show deep depressions
which approach the practical, vertical range of the AFM, further growth of the
depressions would quickly take those features beyond the vertical range the
instrument. Therefore, the AFM would be unsuitable for studying subsequent

evolution of the surface topographies of the coupons currently undergoing Long-
Term Testing.

Summary

The high corrosion resistance of Alloy 22 forces a credible study of localized
corrosion to nanometer length scales. Therefore, it is necessary to test well-defined and
consistent surfaces. The roughness of the starting surface places a lower bound on the
dimensions of observable topographic evolution which might be associated with
corrosion. Therefore, further work on the microscopic level should emphasize the use of
metallographically-polished coupons.
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Figure 1: Obverse side of coupon DCA_046, exposed to 90C SAW for 2 years,
outside crevice. (file 991104a.011)
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Figure 2: Detail of the central region of Figure 1: Obverse side of coupon
DCA _046, exposed to 90C SAW for 2 years, outside crevice. (file 991104a.012)
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Figure 3: Profile of the depression appearing in the center of Figure 2: Detail of the
central region of Figure 1: Obverse side of coupon DCA_046, exposed to 90C SAW
for 2 years, outside crevice.
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Figure 4: Obverse side of DCA172, exposed to 90C SDW for two years, inside
crevice. (file 9911092a.001)
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Figure 5: Detail of lower left region of Figure 4. (file 991108a.002)
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Figure 6: Profile of the depression appearing in the central region of Figure 5.
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Figure 7: Obverse side of DCA172, exposed to 90C SDW for two years, inside
crevice. (file 991108a.005)
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Figure 8: Detailed image of the central region of Figure 7. (file 991108a.006)
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Figure 9: Profile of the depression appearing in the central region of Figure 8.
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Figure 10: Obverse side of DCA172, exposed to 90C SDW for two years, outside
crevice. (file 9911092a.009)
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Figure 11: Detail of the depression in the lower portion of Figure 10. (file
991108a.010)
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Figure 12: Profile of the prominent depression appearing in Figure 11.
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Figure 13: Obverse side of DCA172, exposed to 90C SDW for two years, outside
crevice. (file 991108a.011).
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Figure 14: Detail of the prominent depression in Figure 13. (file 991108a.012)
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Figure 15: Obverse side of DWA126, exposed to 90C SCW for two years. This was a
weight loss coupon; no crevice coupon in this category was available. (file
991118a.001)
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Figure 16: Detail of the central region of Figure 15. (file 991118a.002)
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Figure 17: Profile of the depression in the center-right region of Figure 16.
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Figure 18: Obverse side of DCA016, exposed to 60C SAW for two years, inside
crevice. (file 991119a.003)
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Figure 19: Obverse side of DCA016, exposed to 60C SAW for two years, outside
crevice. (file 991119a.005)
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Figure 20: Detail of the prominent depression appearing in Figure 19. (file
9911192a.006).
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Figure 22: Detail of the lower right region of Figure 21. (file 991122a.002).
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Figure 23: Profile of the depression appearing in the left center region of Figure 22,
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Figure 24: Obverse side of DCA076, exposed to 60C SCW for two years, inside
crevice. (file 991122a.003)
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Figure 25: Detail of the depression appearing in the upper left region of Figure 24.
(file 991122a.004)
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Figure 26: Profile of the prominent depression appearing in Figure 25.
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Figure 27: Obverse side of DCA076, exposed to 60C SCW for two years, outside
crevice. (file 991122a.007)
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Figure 28: Obverse side of DCA136, exposed to 60C SDW for two years, inside
crevice. (file 991123a.002)
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Figure 29: Detail of the left center region of Figure 28. (file 991123a.003)
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Figure 30: Profile across the prominent depression appearing in Figure 29.
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Figure 31: Obverse side of DCA136, exposed to 60C SDW for two years, inside
crevice. (file 991123a.005)
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Figure 31.

36

10 15

Distance (um)

ppearing in the right central region of



100 pum

Figure 33: Obverse side of DCA136, exposed to 60C SDW for two years, outside
crevice. (file 991123a.006)
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Figure 34: Detail of the lower left region of Figure 33. (file 991123a.007).
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Figure 35: Profile of the upper right depression in central region of Figure 34.
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Figure 36: Obverse side of DCA243, an unexposed, control, crevice coupon. (file
991129a.002)
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Figure 37: Profile of the prominent depression in the lower right of Figure 36.
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Figure 38: Obverse side of DCA243, an unexposed, control, crevice coupon. (file
9911292a.003)
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Figure 39: Profile of the depression in the lower portion of Figure 38.
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Figure 40: Profile of the depression in the upper central region of Figure 38.



